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AIM
To investigate the role of regulatory T cell (Treg) subsets in the balance between Treg and T helper 17 (Th17) cells in various tissues from mice with dextran sulfate sodium-induced colitis. + cells from the lamina propria of colon (LPC) and other ulcerative colitis (UC) mouse tissues were evaluated by flow cytometry. Forkhead box protein 3 (FoxP3), interleukin 17A (IL-17A), and RORC mRNA levels were assessed by real-time PCR, while interleukin-10 (IL-10) and IL-17A levels were detected with a Cytometric Beads Array. node (MLN), lamina propria of jejunum (LPJ) and LPC from UC mice, Treg cell numbers were increased (P < 0.05), and FoxP3 and IL-10 mRNA levels were decreased. Th17 cell numbers were also increased in PBMC and LPC, as were IL-17A levels in PBMC, LPJ, and serum. 
METHODS
INTRODUCTION
Ulcerative colitis (UC) is a type of inflammatory bowel disease (IBD) that affects the colon and is confined to the mucosa and superficial submucosa [1] . UC symptoms include diarrhea, abdominal pain, and rectal bleeding, which can all seriously affect quality of life, and the disease is often marked alternating phases of clinical relapse and remission. Although the exact etiology and pathology of UC remains unknown [2] , there is increasing evidence that an aberrant immune response is involved in this disease [3] . Acquired immunity plays a vital role in UC path ogenesis, where in T helper celltype (Th) 1 and Th2 immune responses, as well as alternate subsets of T cells, such as regulatory T cells (Treg) and T helper 17 (Th17) cells, contribute to IBD [4, 5] .
Regulatory T cells belong to a functionally specialized subset of CD4
+ T cells that maintains immune tolerance and homeostasis via cellcell interactions and secretion of interleukin10 (IL10) or other antiinflammatory cytokines that inhibit activation of effector T cells [6, 7] . Notably, Treg cells may play a crucial role in inhibiting intestinal inflammation, maintaining immune tolerance, and providing protection from colitis [8] . A study by Sakaguchi et al [9] [10] . Th17 cells show pleiotropic activities and functions that promote immune responses via the adaptive and innate immune systems. Like sentinel cells, Th17 cells help maintain epithelial barrier function in healthy intestines. However, in the presence of chronic intestinal inflammation, Th17 cells present IL23 and show full pathogenic and antibacterial functions [11] . Aberrant numbers of Th17 cells have been reported to occur in colonic LP of the ileum and colon in conventionally raised mice, and these cells are highly infiltrated in inflamed areas in colitic mice [12] . Furthermore, other studies reported that CD4
+ T cells can demonstrate enhanced "plasticity" between Tcell subsets, such as the IL17 and Foxp3 double expressing (DE) CD4 + T cell population, which is a crossover transition between Treg and Th17 cells [13] . In IBD patients, the population of circulating IL17 [14] . Indeed, in our earlier study of scleroderma patients, [15] . Here we examined Treg, Treg subsets, and Th17 cells in tissues from UC mice. We found abnormal proportions of these cells and a cell population that coexpressed FoxP3 and RORC mRNA, which may represent a crossover transition of Th17 and Treg cells that is related to an imbalance of Treg cells and Th17 cells in dextran sulfate sodium (DSS)induced colitis.
MATERIALS AND METHODS
Mice
Male C57BL/6 mice (aged 68 wk; 2022 g) were obtained from the Center for Animal Resource and Development (Weitonglihua Company, Beijing, China). All mice were maintained on a 12 h/12 h light/dark cycle under specific pathogenfree conditions. All animal procedures and stress protocols were approved by the Institutional Animal Care and Committee of Beijing Chaoyang Hospital, Capital Medical University.
Mouse model of colitis
The healthy control (HC) mice drank distilled water for 14 d, while the UC mice drank distilled water supple mented with 2.5% w/v (DSS, MW = 4000050000, MP Biomedical, United States) for 7 d followed by 7 d of drinking water alone. The mice were sacrificed on the 14 th d. DSSinduced colitis was characterized by higher disease activity index that included changes in body weight, stool consistency, and the presence of blood in the stool [16] .
Histopathological evaluation
Histopathological evaluation was performed as described previously [17] . Mouse colons were extracted immediately after sacrifice and examined for macroscopic damage. The resected colons were fixed in 10% neutral buffered formalin, embedded in paraffin, and stained with hematoxylineosin for evaluation. 
Antibodies and reagents
Cell sorting
Mononuclear cells extracted from PBMC, spleen, MLN, and jejunum and colon LP were stained with CD4, CD25, and CD45RA antibodies before sorting with a FACS AriaII flow cytometer (BD Biosciences, United States).
Real-time PCR
Total RNA was extracted from 210 × 10 3 sorted Treg cells and CD4 + CD45RA Foxp3 low cells from UC and HC mice using an RNeasy Micro Kit (QIAGEN). The RNA was then reversetranscribed to obtain cDNA (FastQuant RT Kit, TIANGEN). Realtime PCR was performed with a SYBR green assay (SuperReal PreMix Plus, TIANGEN) using the ABI 7500 system (Applied Biosystems) with a GAPDHPrimer (PMM04) and other primers listed in Table 1 .
Cytokine detection
IL10 and IL17A levels secreted by mononuclear cells from PBMC, spleen, MLN, LPJ, and LPC samples were determined using the Mouse Th1/Th2/Th17 Cytokines kit (BD Biosciences) according to the manufacturer's instructions. Serum IL17A levels were also assessed using the same method. In addition, IL10 and IL17A levels were examined using a BD FACScanto II flow cytometer (BD Biosciences, United States).
Statistical analysis
Data were analyzed with the SPSS v18.0 statistics package (IBM, United States). Variables were summa rized as counts and percentages or as medians and ranges. Independent samples ttest and nonparametric MannWhitney U tests were used to compare data (P < 0.0001, respectively), and LPC and LPJ had no differences (P > 0.05) ( Figure 2D ). Meanwhile, in HC mice Th17 cell numbers in both LPJ were increased compared with LPC, MLN, spleen, and PBMC (P < 0.0001), as were Th17 cell numbers in LPC relative to those for MLN, spleen, and PBMC (P < 0.0001), but MLN, spleen, and PBMC showed no differences among samples (P > 0.05) ( Figure 2D ). 
CD4
FoxP3
low was increased in spleen, MLN, LPJ, and LPC (P = 0.0020, P = 0.0050, P = 0.0010, P < 0.0010, respectively), but not in PBMC (P = 0.1170) ( Figure 3A ). Meanwhile, CD4
numbers in colon LP were also obviously increased compared to MLN, spleen, PBMC, and LPJ (P < 0.0001, P < 0.0001, P = 0.0013, P < 0.0001, respectively), which all showed similar levels (P > 0.05) ( Figure 3E ). In HC mice, CD4
were obviously increased compared to MLN, spleen, PBMC, LPJ (P = 0.0033, P = 0.0081, P = 0.0010, P < 0.0001, respectively), with spleen and LPJ showing similar levels (P > 0.05).
In DSS colitis mice, the number of CD4 + CD45RA FoxP3 high in PBMC, MLN, LPJ, and LPC samples was lower than that for HC mice (P = 0.0060, P = 0.0000, P = 0.0000, P = 0.0250, respectively), but spleen tissues were similar (P = 0.3980) ( Figure  3A ). CD4
FoxP3 high cell numbers in LPC from UC mice were also increased compared to those for spleen, LPJ, MLN, and PBMC (P < 0.0001, P = 0.0003, P < 0.0001, P < 0.0001, respectively), with the latter two samples showing similar values (P > 0.05) ( Figure  3E ). In HC mice, CD4
FoxP3 high cell numbers in LPC were increased relative to spleen, LPJ, MLN, and PBMC (P = 0.0026, P = 0.0322, P = 0.0002, P = 0.0002, respectively), with MLN and PBMC again having similar numbers (P > 0.05). CD4 +
CD45RA
FoxP3 low cell numbers were increased among multiple PBMC, MLN, LPJ, and LPC samples from DSS colitis mice (P = 0.0010, P = 0.0330, P = 0.0420, P < 0.0010, respectively), but not in spleen (P = 0.248) ( Figure 3A ). In both DSS colitis and HC mice, CD4
low cell numbers in LPC were increased relative to those for MLN, spleen, LPJ, and PBMC (P < 0.0001, P = 0.0005, P < 0.0001, P < 0.0001, respectively in DSS colitis; P = 0.0002, P = 0.0175, P between groups. P values less than 0.05 were consi dered to be statistically significant.
RESULTS
Treg cell numbers in DSS colitis Mice increased concurrently with lamina propria functional defects
To investigate the roles of Treg cells in DSS colits mice, we compared the levels of Treg, FoxP3 mRNA, and IL10 from different samples including PBMC, MLN, spleen, LPJ, and LPC isolated from HC and DSS colitis mice. Treg levels increased in PBMC, MLN, LPJ, and LPC samples from DSS colitis mice (P < 0.0001, P = 0.0399, P = 0.0151, P = 0.0001, respectively) ( Figure 1A , B). In contrast, FoxP3 mRNA expression (P = 0.0016, P = 0.0062, P = 0.0291, P = 0.0325, respectively) and IL10 levels (P = 0.0091, P = 0.0353, P = 0.0002, P = 0.0012, respectively) in Treg cells from DSS colitis mice decreased relative to the HC ( Figure 1C, D) . Meanwhile, spleen tissue from DSS colitis and HC groups showed no difference in the number of Treg cells, FoxP3 mRNA expression, and IL10 levels (P > 0.05) ( Figure 1AD ). In LPC from DSS colitis mice, Treg cell numbers were increased compared to that of MLN, spleen, LPJ, and PBMC (P = 0.0005, P = 0.0002, P = 0.0002, P = 0.0001, respectively), while MLN, spleen, PBMC, and LPJ showed no difference in Treg numbers (P > 0.05) ( Figure 1E ). Similarly, in HC mice Treg cell numbers in LPC were increased compared to those in spleen, MLN, PBMC, and LPJ (P = 0.0105, P = 0.0006, P < 0.0001, P = 0.0002, respectively), with the latter two samples showing similar numbers with no significant differences (P > 0.05) ( Figure 1E ).
Th17 cell numbers increased in PBMC and LPC from DSS colitis mice
Given the contribution of Th17 cells to inflammatory responses, we next assessed Th17 numbers in DSS colitis mice. There were increased numbers of Th17 cells in PBMC and colon compared to HC (P = 0.0338, P = 0.0004), although spleen, MLN, and showed no differences in Th17 cell numbers between HC and DSS colitis mice (P > 0.05) (Figure 2A, B) . In culture supernatants of PBMC, LPJ, and serum, IL17A levels were increased compared with HC (P = 0.0063, P = 0.0064, P = 0.0016, respectively), while those of spleen, MLN, and LPC were similar (P > 0.05) ( Figure  2C) .
In DSS colitis mice, Th17 cell numbers in LPC were also increased compared to MLN, spleen, and PBMC = 0.0003, P < 0.0001, respectively in HC), and MLN, spleen, and LPJ showed no difference between DSS colitis and HC mice (P > 0.05) ( Figure 3E ). We also evaluated levels of FoxP3, IL17A, and RORC mRNA in CD4
low cells isolated from HC and DSS colitis mice. Compared to HC mice, in DSS colitis mice FoxP3 mRNA expression was decreased among PBMC, MLN, LPJ, and LPC samples (P = 0.0286, P = 0.0284, P = 0.0121, P = 0.0002) ( Figure  3B ). IL17A and RORC mRNA from DSS colitis mice was increased among the above samples compared to HC mice (IL17 mRNA: P = 0.0150, P = 0.0278, P = 0.0247, P = 0.0357; RORC mRNA: P = 0.0369, P = 0.0128, P = 0.0101, P = 0.0016, respectively), but we saw no difference in spleen values (P > 0.05) ( Figure  3C and D). 
CD4
IL17A
+ cells was higher in 
DISCUSSION
Treg cells are antiinflammatory cells that secrete the antiinflammatory cytokine IL10 and inhibit effector T cell proliferation through cellcell interactions [18, 19] . Upon Tregspecific IL10 ablation, mice spontaneously develop signs of colitis, illustrating the key role of -FoxP3 low cells in UC Tregderived IL10 in maintaining intestinal health [20] . Meanwhile, high levels of the transcription regulation factor Forkhead box protein 3 (FoxP3) that is encoded by FoxP3 mRNA [21] enhance the immunosuppressive function of Treg cells [22] . In our study, we established the 2.5% DDSinduced colitis, among the common models of mice colitis: 2,4,6trinitro benzene sulfonic acid, oxazolone and dextran sodium sulfate (DSS) colitis. Of which the DSSinduced colitis colitis was sample and repetitive [16] . Moreover it resembles the clinical course of human UC occurs frequently in the chronic phase of DSSinduced colitis [23] . Here we observed an increase in Treg cell numbers in UC mice, but this increase likely does not inhibit inflammatory responses given results from previous studies showing the presence of excessive inflammation in the intestines [24, 25] . Instead, the decreased expression of IL10 and FoxP3 mRNA in Treg cells from UC mice suggested that Treg cells in these animals may have functional defects that contribute to UC morbidity.
In response to various cytokines such as IL6 and TGFβ, CD4
+ cells differentiate to Treg or Th17 cells, which have opposite functions and thus a balance between these populations is essential. Similar to Treg cells in the UC mice, Th17 cell numbers increased in both PBMC and LPC samples from UC mice, and IL17A cytokine levels in PBMC and serum were concurrently increased. These results suggest the presence of a hyperactive inflammatory response in the colon mucosa of UC animals [ 2628] , and also that impaired Treg cell function as well as an imbalance between Treg and Th17 cell populations could be involved in inappropriate immune responses in UC.
Aberrant immune responses that can result from Treg and Th17 imbalances are a feature of autoimmune diseases [29, 30] , although the underlying mechanisms that promote these imbalances are unclear. On the one hand, there is heterogeneity in among the Treg cell population. Thus, we explored whether Treg subsets contribute to immune imbalance seen in UC mice. In our study, the number of CD4 [9, 15] . [32] . FoxP3 expression downregulates expression of the retinoic acid receptorRORγt, which is the lineage defining transcription factor for Th17 cells, and in turn contributes to the inhibition of Th17 differentiation [33, 34] . However, a more recent study by Voo et al [35] [36, 37] . These FoxP3
also exist in several autoimmune diseases, including allergic rhinitis, psoriasis, and IBD [38] , and several studies demonstrated that FOXP3 + IL17 + cells can indeed differentiate into Th17 cells in the periphery [35, 39] . Meanwhile, FrIII cells can differentiate into Th17 cells that have no immunosuppressive function [9] . Our results also showed that, relative to HC mice, UC mice have increased numbers of both CD4 [40, 41] .
To extend the study of functional Treg subsets into nonlymphoid tissues, unique tissueresident Treg populations have been identified and characterized, such as Treg in visceral adipose tissu [42] , in skin [43] , in skeletal muscle [44] , in lung [45] , liver [46] , and pancreas [47] . Recent evidence suggests that environmental signals found in peripheral nonlymphoid tissues promote the development of tissuespecific Treg cell subsets. Although the proportion of tissuespecific Treg cell subsets within tissues is difficult to determine due to differences between inflammatory and steady state conditions [48] accumulating evidence suggests that Treg cells are highly responsive to their local environment. The gut contains a large reservoir of both secondary lymphoid tissueresident Treg cells and nonlymphoid tissueresident Treg cells [49] . The development of lamina propriaresident Treg cells differs from that for secondary lymphoid tissue Treg cells [50, 51] , in that lamina propria Treg cells respond to unique environmental signals that are generated in response to products of commensal bacteria [52, 53] . As such, we further evaluated differences in Th17, Treg, and Treg cells subtypes in LPC and LPJ, spleen, MLN, and PBMC in UC and HC mice. In this study, there were more Treg in the colon relative to other tissues, while the jejunum showed the highest number of Th17 cells, even in UC mice. Round et al [52] also found that in B6 mice, distribution of Th17 cells is duodenum > jejunum > ileum > colon, while Treg cells were most abundant in the colon and scarce in the duodenum. This regional difference is associated with the T cell/APC ratio, especially CD11c(+)CD11b(+)CD103(+) dendritic 
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